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Background: Echocardiography is important in assessing 
left ventricular mechanical dyssynchrony (LVMD) and left 
ventricular (LV) function after implant of a permanent 
pacemaker. Global longitudinal strain (GLS) and Left 
ventricular dyssynchrony assessment enable clinicians to 
detect early signs of LV dysfunction after cardiac pacing. 
This study assessed LV mechanical asynchrony and LV 
function in different pacing modes after permanent cardiac 
pacing by using tissue Doppler imaging (TDI) and speckle 
tracking echocardiography (STE). 
Patients and Methods: Seventy female (42) and male (28) 
patients were enrolled in this prospective observational  
case study (mean age 60.99 ± 13.77 years) at Mansoura 
Specialized Medical Hospital over a period of 1 year from 
April 2018 to April 2019. All the patients were assessed by 
thorough history taking, clinical examination, conventional 
Echocardiography, TDI and two-dimensional (2D) STE. 
Results: Regarding parameters assessed by STE, there was 
a significant decrease in global longitudinal strain GLS  
(P = 0.034*) while there was a significant increase in time 
to peak strain standard deviation (TP-SD) by STE  
(P < 0.001*). Also, there was significant decrease in GLS 
(P < 0.001*) and significant increase in TP-SD by STE  
(P = 0.001*) in dual chamber pacemaker (DDD) group. 
Similarly, there was a significant decrease in GLS  
(P < 0.001*) and a significant increase in TP-SD by STE  
(P < 0.001*) in ventricular demanding pacing (VVI) group.  
Conclusion: The results show that GLS by 2D STE can 
help in detection of subclinical left ventricular dysfunction 
(LVD) after permanent pacemaker implantation before 
appearance of clinical symptoms. In addition, cardiac 
pacing can still lead to LVMD irrespective of the degree of 
the pacing mode. However, this may need upgrading later 
on to cardiac resynchronization therapy (CRT).  
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Introduction 
 
The choice of an optimum pacing mode for  
the management of low heart rate is essential. In 
presence of disease in sino-atrial node dual chamber 
pacing is of choice [1]. The various pacing  
modes can lead to several problems due to some 
electrical changes leading to difference between 
timing in contraction of both ventricles in the  
heart which may cause cardiac failure and sudden 
cardiac death [2]. The artificial cardiac pacing  
via pacemaker alters the normal heart electrical 
activation when compared to the native activation 
resulting from atrioventricular (AV) nodal and  
His bundle system stimulation [3]. The pacing  
at the right ventricle causes abnormal contraction  
and decreased pump function. Right ventricular  
apical pacing can initiate asynchrony among LV 
interventricular septum (IVS) and free wall and also 
between right ventricle (RV) and LV [4]. It has  
also been showed that the existence of ventricular 
asynchrony is accompanied by a high risk of cardiac 
morbidity and death [5]. 
Echocardiography is essential in evaluating left 
ventricular asynchrony and function. Currently, real-
time three dimensional echocardiography (RT3DE) 
and tissue Doppler imaging are of great sensitivity 
and frequently utilized procedures in order to quantify 
left ventricular mechanical asynchrony [6]. Speckle 
tracking echo-cardiography is recent modality 
depends on 2D grey scale imaging which helps in 
assessing left ventricular asynchrony. Suffoletto et al. 
[7] described the use of speckle tracking radial  
strain in quantifying asynchrony, which is the time 
difference in peak antero-septum to posterior wall 
strain more than or equal to 130 ms. Moreover, global 
longitudinal strain can help the cardiac clinicians to 
find out early signs of left ventricular dysfunction. 
Defining mechanisms of asynchrony will be useful for 
pacemaker programing choices in order to prevent 
further dysfunction of left ventricular [8]. The aim of 
this study was to evaluate left ventricular mechanical 
dyssynchrony and left ventricular function in  
various pacing modes after permanent cardiac  
pacing by using tissue Doppler imaging and speckle 
tracking echocardiography and to correlate these 
changes with other clinical, electrocardiographic and 
echocardiographic data. 




All procedures were performed as recommended 
by the guidelines as regard conventional and speckle 
tracking Echocardiography. The study was explained 
to all patients and they gave oral informed consent. 
Besides, the study was approved by the Ethics 
Committee of the Faculty of Medicine, Mansoura 
University. Informed consent was obtained from  
each individual participant involved in this study. 
This study was conducted in accordance with the 






Seventy (n = 70) patients were enrolled in this 
prospective observational case study, (mean age  
60.99 ± 13.77 years, 28 males and 42 females), at 
Mansoura Specialized Medical Hospital over a period 
of 1 year from April 2018 to April 2019. Patients 
were enrolled into 2 groups. The first group had 30 
patients with implanted single chamber pacemaker 
(Group A) while the second group had 40 patients 





All patients were assessed by thorough history 
taking including; age and gender, risk factors for 
coronary artery disease; hypertension, diabetes, 
dyslipidemia. Clinical examination included: blood 
pressure (BP), pulse, general examination and  
local cardiac examination. Investigations included: 12 
lead surface electrocardiography (ECG), Echo-






All of the patients had echocardiography using 
the General Electric Vivid E9 XD clear Dimensions 
ultrasound system (GE Healthcare, USA) using the 
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matrix M5Sc transducer. With more stress on the 
following pulsed wave Doppler (PWD), TDI, septal 
posterior wall motion delay (SPWMD) by M mode, 
aortic pre-ejection delay, inter-ventricular mechanical 
delay, tissue synchronization imaging (TSI) were 
done to assess septal to lateral delay, septal to 
posterior delay and SD-Ts. Similarly, 2D speckle 
tracking echocardiography was done to assess  






Exclusion criteria include: 
 
1. Cases with bad echocardiography window, 
cases with manifestations of obvious heart 
failure (HF), preceding heart operation, 
dilated cardiomyopathy, prosthetic valves 
and cases with preceding coronary artery 
disease (CAD) identified by proof of left 
ventricular wall motion aberrations at the 
echo or pathological Q waves in ECG, 
previous percutaneous coronary intervention 
(PCI) or coronary artery bypass grafting 
(CABG). 
2. Previous implanted permanent pacemaker  
or implantable cardioverter defibrillator 
(ICD).  
3. Frequent premature ventricular complexes 
(PVCs) in ECG  
4. Patients with terminal co-morbidities such as 






The clinical and laboratory data were recorded on 
an “Investigation report form.” These data were 
tabulated, coded then analyzed using the computer 
program SPSS (Statistical package for social science) 
version 25 to obtain the descriptive data. 
In turn, the descriptive statistics data were 
calculated for the anthropometric measurements and 
laboratory data in the form of: 






• In the statistical comparison between the 
different groups, the significance of diff-
erence was tested using the following test:  
- Student’s t-test: Used to compare between 
mean of two groups of numerical (para-
metric) data. Inter-group comparison of 
categorical data was performed by using 
chi square test (X2-value).  
- Paired t-test was used for comparison 
within groups 
- Wilcoxon singed ranks test (Z) was used 
for comparison within group 
- A P value of < 0.05 was considered 
statistically significant and a P value of  
< 0.0001 was considered highly significant 





The study included 70 patients (mean age 60.99  
± 13.77 years) who were divided into two groups.  
The first group A of patients (mean age 65.7 ± 12.3 
years) undergone pacing mode single chamber 
pacemaker VVI while the second group B of patients 
(57.45 ± 13.89 years) had pacing mode dual  
chamber pacemaker. The mean demographic clinical 
characteristics and major risk factors of CAD of  
each group was assessed at 1 month and after  
3 months of permanent pacemaker implantation 
(Table 1). The study recruited patients with the 
following risk factors of cardiovascular diseases 
(CVD). They included 11 patients (15.7%) who  
were smokers, 46 patients (65.7%) who were hyper-
tensive, 9 patients (12.9%) who were dyslipidemic 
and 11 patients (15.7%) who were diabetic  
patients. Table 1 shows demographic clinical 
characteristics and major risk factors of CAD in  
the whole studied population while Table 2 
demonstrates baseline criteria among the two studied 
groups. 
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Table 1. Baseline demographic, clinical characteristics and major risk factors of CAD  




(n = 70) 
No % 
Age   
<40y 6 8.6% 
40-60y 28 40% 
>60y 36 51.4% 
Mean ± SD 60.99 ± 13.77 
Sex   
Male 28 40% 
Female 42 60% 
Hypertension 46 65.7% 
Diabetes 11 15.7% 
Smoking 11 15.7% 
Dyslipidemia 9 12.9% 
Beta blocker 10 14.3% 
ACEI 38 54.3% 
Diuretic 31 44.3% 
Aspirin 13 18.6% 
Warfarin 4 5.7% 
Congested neck veins 18 25.7% 
Edema L.L 29 41.4% 
Dyspnea 18 25.7% 
Abbreviations; ACEI: angiotensin converting enzyme inhibitor, L.L: lower limb. 
SD: Standard Deviation. 
Data are expressed in number abs as percentages. 
 
Table 2. Baseline, clinical characteristics and major risk factors of CAD among the two studied groups  




(n = 40) 
Group A 
(n = 30) 2 P 
No % No % 
Hypertension 27 67.5% 19 63.3% 0.132 0.716 
Diabetes 8 20% 3 10% 1.294 0.255 
Smoking 10 25% 1 3.3% 6.076 0.014* 
Dyslipidemia 6 15% 3 10% 0.383 0.536 
Betablocker 8 20% 2 6.7% 2.489 0.115 
ACEI 24 60% 14 46.7% 1.228 0.268 
Diuretic 17 42.5% 14 46.7% 0.121 0.728 
Aspirin 10 25% 3 10% 2.551 0.110 
Warfarin 0 0% 4 13.3% 5.657 0.017* 
Congested neck veins 10 25% 8 26.7% 0.025 0.875 
Edema L.L 18 45% 11 36.7% 0.491 0.484 
Dyspnea 12 30% 6 20% 0.897 0.343 
Abbreviations; LL: lower limb, ACEI: angiotensin converting enzyme inhibitor, N: number, P: probability value, *: significant value> 
0.05, X2: chi square, %: percentage. 
Data are expressed as number and percentages with 2 and p values *P < 0.05. 
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Table 3. Comparative analysis of echocardiographic parameters after 1 and 3 months of permanent pacemaker 




(n = 70) 
3 month 
(n = 70) 
t P 
E DT 230.41 ± 79.65 228.31 ± 84.53 0.317 0.752 
E/e′ ratio 11.07 ± 4.4 9.24 ± 3.65 9.844 <0.001* 
Tei index 0.69 ± 0.2 0.78 ± 0.22 5.113 <0.001* 
LAD 3.97 ± 0.57 4.03 ± 0.56 3.308 0.001* 
LVEDD 5.45 ± 0.61 5.67 ± 0.66 8.345 <0.001* 
LVESD 3.75 ± 0.59 3.95 ± 0.66 7.415 <0.001* 
EF 60.36 ± 8.39 56.3 ± 8.6 10.339 <0.001* 
FS 32.53 ± 5.74 29.63 ± 5.74 8.887 <0.001* 
APED 136.56 ± 27.97 151.11 ± 25.44 6.729 <0.001* 
IVMD 30.04 ± 21.78 36.61 ± 21.58 4.416 <0.001* 
SPWMD by M Mode 79.43 ± 36.6 93.71 ± 46.88 3.698 <0.001* 
SD Ts by TSI 53.89 ± 19.14 59.8 ± 18.37 3.632 0.001* 
Septal posterior delay by TSI 30.41 ± 74.11 25.7 ± 84.14 0.404 0.688 
All segments Max delay by TSI 164.13 ± 54.2 174.99 ± 50.83 2.262 0.027* 
Septal to lateral delay by TSI 23.63 ± 77.53 15.59 ± 88.07 0.634 0.528 
GLS by STE -15.96 ± 7.29 -14.25 ± 3.4 2.160 0.034* 
TP SD by STE 35.04 ± 20.47 47.94 ± 23.92 5.522 <0.001* 
Abbreviations; N: number, T: student t-test, P: probability value, *: significant value> 0.05, DT: deceleration time, LAD: left atrial 
dimension, LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, EF: ejection fraction, 
FS: fractional shortening, APED: aortic pre-ejection delay, IVMD: inter-ventricular mechanical delay, SPWMD: septal posterior wall 
motion delay, TSI: tissue synchronization imaging, SD-Ts: standard deviation of time to peak systolic velocity, GLS: global 
longitudinal strain, STE: speckle tracking echocardiography, TP SD: standard deviation of time to peak strain. 
Data are presents as mean ± SD with t and P values; *P < 0.001. 
 
Table 4. Comparative analysis of different echocardiographic parameters after 1 and 3 months of pacemaker 




(n = 40) 
3 month 
(n = 40) 
T P 
E DT 215.35 ± 69.74 225.28 ± 75.44 1.280 0.208 
E/e′ ratio 10.23 ± 3.85 8.58 ± 2.99 6.570 <0.001** 
Tei index 0.73 ± 0.22 0.78 ± 0.21 3.668 0.001** 
LAD 3.85 ± 0.52 3.92 ± 0.56 2.421 0.020* 
LVEDD 5.47 ± 0.62 5.72 ± 0.66 6.520 <0.001** 
LVESD 3.81 ± 0.63 4.01 ± 0.71 5.965 <0.001** 
EF 58.93 ± 8.61 54.75 ± 8.84 7.318 <0.001** 
FS 31.35 ± 5.74 28.7 ± 5.77 5.239 <0.001** 
APED 133.63 ± 28.71 148.25 ± 27.01 5.689 <0.001** 
IVMD 28.68 ± 22.72 36.35 ± 23.78 5.476 <0.001** 
SPWMD by M Mode 73.75 ± 31.78 89.5 ± 44.43 3.348 0.002* 
SD Ts by TSI 53.9 ± 19.16 59.4 ± 18.45 2.460 0.018* 
Septal posterior delay by TSI 42.35 ± 70.63 28.35 ± 84.52 0.976 0.335 
All segments Max delay by TSI 163.5 ± 53.47 172.1 ± 47.04 1.279 0.208 
Septal to lateral delay by TSI 13.8 ± 74.53 3.48 ± 83.31 0.600 0.552 
GLS by STE -15.41 ± 3.88 -14.08 ± 3.93 6.058 <0.001* 
TP SD by STE 37.7 ± 21.04 49.25 ± 25.75 3.719 0.001* 
Abbreviations; N: number, T: student t-test, P: probability value, *: significant value> 0.05 , DT: deceleration time, LAD: left atrial 
dimension, LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, EF: ejection fraction, 
FS: fractional shortening, APED: aortic pre-ejection delay, IVMD: inter-ventricular mechanical delay, SPWMD: septal posterior wall 
motion delay, TSI: tissue synchronization imaging, SD-Ts: standard deviation of time to peak systolic velocity, GLS: global 
longitudinal strain, STE: speckle tracking echocardiography, TP SD: standard deviation of time to peak strain. 
Data are expressed mean ± SD and with T and P values; *P < 0.05 and **P < 0.001. 
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Table 5. Comparative analysis of all echocardiographic parameters after 1 and 3 months of pacemaker implantation 




(n = 30) 
3 month 
(n = 30) 
t P 
E DT 250.5 ± 88.45 232.37 ± 96.54 1.656 0.108 
E/e′ ratio 12.19 ± 4.88 10.12 ± 4.28 7.544 <0.001* 
Tei index 0.65 ± 0.17 0.78 ± 0.24 3.830 0.001* 
LAD 4.12 ± 0.59 4.17 ± 0.54 2.475 0.019* 
LVEDD 5.41 ± 0.61 5.62 ± 0.66 5.162 <0.001* 
LVESD 3.67 ± 0.54 3.87 ± 0.6 4.434 <0.001* 
EF 62.27 ± 7.82 58.37 ± 7.94 7.509 <0.001* 
FS 34.1 ± 5.42 30.87 ± 5.56 9.119 <0.001* 
APED 140.47 ± 26.95 154.93 ± 23.08 3.849 0.001* 
IVMD 31.87 ± 20.7 36.97 ± 18.64 1.735 0.093 
SPWMD by M Mode 87 ± 41.54 99.33 ± 50.17 1.883 0.070 
SD Ts by TSI 53.88 ± 19.44 60.33 ± 18.56 2.701 0.011* 
Septal posterior delay by TSI 14.5 ± 76.81 22.17 ± 84.93 0.394 0.697 
All segments Max delay by TSI 164.97 ± 56.06 178.83 ± 56.09 2.037 0.051 
Septal to lateral delay by TSI 36.73 ± 80.76 31.73 ± 92.99 0.263 0.794 
GLS by STE -17.11 ± 2.57 -14.15 ± 2.42 16.118 <0.001* 
TP SD by STE 31.51 ± 19.47 46.18 ± 21.53 4.109 <0.001* 
Abbreviations; N: number, T: student t-test, P: probability value, *: significant value> 0.05, DT: deceleration time, LAD: left atrial 
dimension, LVEDD: left ventricular end diastolic dimension, LVESD: left ventricular end systolic dimension, EF: ejection fraction, 
FS: fractional shortening, APED: aortic pre-ejection delay, IVMD: inter-ventricular mechanical delay, SPWMD: septal posterior wall 
motion delay, TSI: tissue synchronization imaging, SD-Ts: standard deviation of time to peak systolic velocity, GLS: global 
longitudinal strain, STE: speckle tracking echocardiography, TP SD: standard deviation of time to peak strain.  
Data are expressed mean ±SD and with T and P values; *P < 0.05 and **P < 0.00. 
 
 
Data are expressed mean ±SD. 
Figure 1. GLS by 2D STE among all studied cases after 1 and 3 months of pacemaker implantation.  
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Figure 2. Standard deviation of time to peak systolic velocity by tissue synchronizing imaging after1 and 3 months of dual 
chamber pacemaker implantation. 
Comparative analysis of echocardiographic para-
meters after 1 and 3 months of PPM implantation 
among the 70 patients. 
Regarding diastolic function by pulsed wave 
Doppler PWD, the results show no significant change 
in E wave deceleration time (P = 0.752) while there 
was a significant decrease in E/e′ ratio (P < 0.001*) 
and a significant increase in myocardial performance 
index Tei index (P < 0.001*). 
Regarding internal dimensions and systolic 
function, the data show that there was significant 
increase in the following: left atrial dimension  
(LAD) (P = 0.001*), left ventricular end systolic 
dimension LVESD (P < 0.001*) and left ventricular 
end diastolic dimension LVEDD (P < 0.001*), while 
there was significant decrease in ejection fraction  
EF (P < 0.001*) and fractional shortening FS  
(P < 0.001*). 
Regarding parameters of LV dyssynchrony, the 
results reveal that there was a significant increase  
in aortic pre-ejection delay APED (P < 0.001*), 
interventricular mechanical delay (P < 0.001*) and 
septal posterior wall motion delay SPWMD by M 
mode (P < 0.001*). 
Regarding parameters assessed by tissue 
synchronization imaging TSI, the findings show  
that there was significant increase in the following: 
SD-Ts (P = 0.001*) and all segments max delay  
(P = 0.027*), while there was no significant change in 
the following: septal posterior delay (P = 0.688) and 
septal to lateral delay (P = 0.528). 
Regarding parameters assessed by STE, the 
results reveal that there was significant decrease in 
global longitudinal strain GLS (P = 0.034*), while 
there was a significant increase in TP-SD by STE  
(P < 0.001*). 
The data further show that in both group A and 
group B studied groups there was a significant 
increase in most of LV dyssynchrony parameters and 
a significant decrease in LV GLS by 2D STE after 1 





The major finding of our study is that in  
short-term follow up of left ventricular function  
after permanent cardiac pacing. The results of this 
study have revealed that there was subclinical LV 
dysfunction by 2D STE in most of cases, either  
single or dual chamber pacing which needs close 
observation of such patients and long-term follow  
up for fear of pacing induced cardiomyopathy and 
beginning of heart failure symptoms appearance. 
Cardiac pacing is the single efficient management for 
manifested sinus node disorders and it can enhance 
manifested chronotropic incompetence [9]. Further-
more, several research studies have revealed 
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enhancement in symptoms and function by cardiac 
pacing in cases with atrioventricular block [10].  
Right ventricular (RV) pacing or left bundle 
branch block (LBBB) can lead to a left ventricular 
(LV) contraction shape which is dyssynchronous. 
Because of the out-of-phase contraction and relax-
ation of the LV septal and lateral walls, there is a loss 
of stroke work to internal power transmission from a 
contracting wall to the opposed wall that is in 
relaxation. Another result of the dyssynchronous LV 
contraction design is that the LV lateral wall contracts 
last resulting in overstretched and thus, accomplished 
a disproportionate fraction of the total stroke work 
[11].  
The concept of ‘pacing-induced’ cardiomyopathy 
(CMP) has been applied to define the condition 
characterized by LV dilatation and hypokinesia which 
is frequently manifested with HF. In turn, this is 
accompanied with a high burden of RV pacing. 
However, pacing-induced CMP has not been 
especially involved in classification of cardiomy-
opathies [12]. 
Echocardiographic evaluation of LV dys-
synchrony has been broadly utilized as it is 
noninvasive, extensively accessible and has no risk or 
complications. Currently, nearly all of the clinical 
evaluation modalities utilized tissue Doppler imaging 
(TDI) [13−14]. However, the most recent research 
study has employed the usage of speckle-tracking 
echocardiography (STE) and 3-dimensional (3D) 
echocardiography in tackling the clinical problems 
[15]. As such, this study evaluated LV mechanical 
dyssynchrony and LV function in different pacing 
modes after permanent cardiac pacing by using  
TDI and speckle tracking echocardiography. The 
study also showed that most of LV dyssynchrony 
parameters were affected (increased) after cardiac 
pacing whatever the pacing mode was either single or 
dual chamber pacing. In contrast, LV peak GLS was 
decreased after permanent pacemaker implantation 
after 1 and 3 months of implantation. The data also 
revealed that diastolic dysfunction seemed to be 
appeared among most of our patients. 
The results of this study is in total agreement with 
those of Algazzar et al., [16] who found that mitral 
deceleration duration revealed marked changes among 
two modes of cardiac pacing in both group A and B, 
only at 6 month duration. Doppler designs to 
investigate of mitral influx was able to reveal the 
pressure gradient among the left atrium and LV. The 
trans-mitral speeds were closely correlated with 
preload and inversely correlated with ventricular 
relaxation. 
The results also reveal a significant (P < 0.001*) 
increase in myocardial performance index Tei index 
which is in agreement with Algazzar et al., [16] who 
found elevation in myocardial performance index 
(MPI) in the both groups with marked changes among 
them up to 6 months. In the present study, there was a 
significant increase in left atrial dimension (LAD)  
(P = 0.001*), left ventricular end systolic dimension 
(LVESD) (P < 0.001*) and left ventricular end 
diastolic dimension (LVEDD) (P < 0.001*) while 
there was a significant decrease in ejection fraction 
EF (P < 0.001*) and fractional shortening FS  
(P < 0.001*). 
Lieberman et al., [17] studied a group of cases 
with conserved LV ejection fraction (LVEF) and they 
found that RV apical pacing caused a modest 
reduction in LVEF, while the LV the measurements 
were still unaffected. In the present study, there was a 
significant increase in aortic pre-ejection delay  
APED (P < 0.001*), interventricular mechanical delay 
(P < 0.001*) and septal posterior wall motion delay 
SPWMD by M mode (P < 0.001*). 
Alhous et al., [18] stated that in a study done  
on 25 cases, three showed SPWMD ≥130 ms at 
starting point. With right ventricular apical pacing to 
elevate SPWMD, the cases with intra-ventricular 
dyssynchrony utilizing such approach was elevated to 
six. Also, right ventricular pacing led to elevated 
IVMD compared to starting point, and in five cases 
IVMD was ≥40 ms. In the present study, there was a 
significant decrease in global longitudinal strain GLS 
(P = 0.034*) while there was significant increase in 
TP-SD by STE (P < 0.001*). 
Moreover, our study revealed a significant 
increase in the following: SD-Ts (P = 0.001*) and all 
segments with Max delay (P = 0.027*). Our data are 
in complete agreement of those reported by Pastore et 
al., [19] who evaluated LV dyssynchrony by utilizing 
tissue Doppler echo at baseline and following at least 
one day of constant RV apical pacing. Employing 
total of 101 cases, their results showed marked LV 
dyssynchrony. 
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Dasgupta et al., [20] stated that myocardial 
deformation imaging may be a clinically useful tool 
for the prediction of a decline in LV systolic function 
following pacemaker implantation. Abnormalities in 
apical 4 chamber view (A4C) seem to appear before 
LVEF decline and as soon as 1‐month post pacemaker 
implantation. On the contrary, El‐Shabrawi et al., [21] 
found that chronic RV apical pacing in children after 
tetralogy of fallot repair was associated with better 
clinical status, preservation of RV systolic function, 
and prevention of progressive QRS prolongation. 
In summary, it is of paramount importance  
to emphasize on the detection of subclinical left 
ventricular dysfunction after cardiac pacing which is 
so important on short and long term to recognize 
pacing- induced cardiomyopathy or ventricular dys-
function for possibility of upgrading conventional 
pacemaker to CRT to maintain LV function. Hence, 
the role of STE in measuring GLS became essential as 






It is concluded that the new modalities in 
echocardiography as GLS and 2D STE can help in 
detection of subclinical left ventricular dysfunction 
after permanent pacemaker implantation before 
appearance of symptoms. Also, cardiac pacing can 
lead to LVMD whatever the pacing mode is which in 








1. The small sample size was an important 
shortcoming of the current study. It should be 
noted that a limited number of patients met 
the inclusion criteria and were enrolled into 
the study. This small sample size could 
reduce the statistical power of our analyses. 
Short term follow up period. 
2. Comparison of the different pacing modes 
only did not taking into consideration 
different pacing sites (RV apical pacing; RV 
septal pacing either low, mid or high; His 
bundle pacing). Moreover, RT3DE and 3D 
STE needed for more evaluation. The  
need for correlation of study results regarding 
LV dyssynchrony with primary clinical  
end points as HF symptoms, the need for 
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